Abstract. The present work deals with holographic dark energy models with Hubble horizon as the infra-red cut-off. The interaction between dark energy and dark matter for this type of models has been reconstructed with three different choices of the interaction term. It is shown that the coupling parameter of the interaction term should evolve with redshift to allow the successful transition from decelerated to accelerated phase of expansion. Constraints on the model parameters are obtained from Markov chain Monte Carlo (MCMC) analysis using the supernova distance modulus data, observational measurements of Hubble parameter and baryon acoustic oscillation data from nearby galaxy observations. Results show that the model with the coupling parameter increasing with redshift (z) or equivalently decreasing with the evolution, are ruled out. On the other hand, models, which has coupling parameter proportional to 1 (1+z) or slowly varying with z, are consistent with observed evolution scenario. Calculation of Bayesian evidence shows that the model with coupling parameter proportional to 1 (1+z) is significantly preferred compared to the other two models. It has been shown that these models are distinguishable from the cosmological constant model of dark energy for higher order derivative terms of the scale factor, namely the cosmological jerk parameter. 
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Introduction
The exotic component, introduced in the energy budget of the universe to account for the phenomenon of cosmic acceleration, is named as dark energy. It is a theoretical prescription to accommodate the alleged accelerated expansion of the universe within the regime of General Relativity (GR). But there is no unique prescription about the physical entity called the dark energy. Cosmological observations are highly consistent with the cosmological constant model of dark energy where the vacuum energy density serves as the dark energy candidate. But it suffers from a fine tuning problem. The observationally estimated value of cosmological constant is very small compared to the value of vacuum energy density, estimated in quantum field theory, and their ratio is of the order of 10 −120 . Different aspects of cosmological constant models are discussed in great detail by Carroll [1] and by Padmanabhan [2] . As the reason behind this problem of fine tuning of cosmological constant is not yet understood, the possible way to bypass this issue is to look for alternative models or to modify the General Relativity at cosmological scale. The alternative options within the regime of GR are the time varying dark energy models. These are also well consistent with cosmological observations. Time varying dark energy can be described by scalar field models, like quintessence [3] , phantom field [4] , tachyon field [5] or by fluid models like chapaligen gas [6] .
We deal with another alternative description of dark energy, namely the holographic dark energy. We shall discuss about the holographic principle later, but a dark energy inspired by such a principle is characterized by a typical length scale of the system and is called the infra-red (IR) cutoff. It is actually the cosmological horizon size, but the choice of horizon is not quite unique. In the context of dark energy, the holographic principle was first introduced by Li [7] . There are various attempts in the literature with different IR cut-off, like particle horizon [8] , future event horizon [7, 9] , Hubble scale IR cut-off [10, 11] , Ricci scale cut-off [12] . It is important to mention in this context that Horava and Minica [13] argued that the expectation value of cosmological constant is zero at holographic theory of dark energy and thus it can potentially resolve the problem of fine tuning. Hu et al. made an attempt to combine the cosmological constant with the holographic dark energy [14] (HDE). Both the dark energy and Λ (not having the significance of the vacuum energy) were found to have a wide range of values, meaning that they are not well constrained by the data-sets. Holographic dark energy in Brans-Dicke theory has been discussed by Banerjee and Pavon [15] . Recently, Lamdin [16] has discussed HDE in the context of minimal super-gravity. Li et al. [17] has studied the constraints on holographic dark energy from recent Planck data. A stability analysis of holographic dark energy has been carried out by Banerjee and Roy [18] and by Mahata and Chakraborty [19] . The phantomnonphantom transition in connection with HDE was discussed by Nojiri and Odintsov [20] . The same authors presented quite a general HDE model very recently [21] which yields many an HDE model as a special case.
In the present work, the interaction between holographic dark energy and dark matter has been reconstructed. We have considered the Hubble horizon as the IR cut-off. In a spatially flat FriedmannLemaitre-Robertson-Walker (FLRW) universe, holographic dark energy model with Hubble horizon cut-off essentially requires an interaction between dark energy and dark matter for a successful transition from decelerated to accelerated phase of expansion [7, 10] . Reconstruction of holographic dark energy interaction rate from parametrized dark energy equation of state has been discussed by Sen and Pavon [22] . Interaction rate in holographic dark energy has been reconstructed through a kinematic approach by Mukherkjee [23] . In the present work, the interaction term is assumed to be proportional to Hρ H , where ρ H is the holographic dark energy density and H is the Hubble parameter. Recently, Praseetha and Mathew adopted this type of interaction in holographic dark energy to study the viability of generalized second law of thermodynamics at the apparent and event horizon [24] . We assume the parameter α that couples the interaction with the dark energy density to be a function of the redshift, and proceed with three different parametrization for α.
We have found that the coupling parameter characterizing the dark matter -dark energy interaction is not a constant in this case. It is essentially a function of time or redshift to allow the transition from decelerated to accelerated phase of expansion. The interaction has been reconstructed by assuming different functional forms of the coupling parameter.
This paper is arranged as follows. In section 2, the basic holographic principle has been briefly reviewed. Section 3 contains the reconstruction of the interaction term in holographic dark energy. The statistical analysis, including the discussion about the observational data, methodology and the results, are presented in section 4. In section 5, a Bayesian analysis for model selection has been carried out so as to pick up the best parametrization. Finally it has been summarized with an overall discussion about the results obtained in section 6.
Basic holographic principle
The model of holographic dark energy is based on a thermodynamic consideration, called the holographic principle. It has been conjectured by 't Hooft [25] and Susskind [26] that the phenomena within a volume can be explained by the set of degrees of freedom residing on its boundary and the degrees of freedom is determined by the area of the boundary rather than the volume. This idea is actually based on the black hole entropy bound, suggested by Bekenstein [27] . The formation of a blackhole leads to a short distance cut-off, namely the ultra violet (UV) cut-off, to a long distance or IR cut-off [28] by the constraint that the total quantum zero point energy of the system should not exceed the mass of black holes of the same size. This can be expressed by the inequality as,
where M 2 p = (8πG) −1 , ρ Λ is the quantum zero point energy density caused by the UV cut-off and L is the length scale of the size of the system. The length for which the inequality saturates, is the long distance cut-off or the IR cut-off. In the context of dark energy, the holographic energy density is written as,
where C 2 is a dimensionless coupling parameter [7] . For holographic dark energy, the system size is the observable universe and thus the IR cut-off is the cosmological horizon. It has already mentioned that the choice of the IR cut off is not unique. The reconstruction in the present work is carried out assuming the Hubble horizon as the IR cut-off of the holographic dark energy. The other options for the IR cut-off are mentioned in the introduction.
Reconstruction of the interaction term
In the present work, the Hubble horizon has been taken as the IR cut-off length scale for the holographic dark energy, i.e. L = 1 H , where H is the Hubble parameter. Thus, the dark energy density is expressed as,
where C 2 is a dimensionless coupling parameter. The conservation equation of the total energy budget, obtained from the contracted Bianchi identity, iṡ
where ρ tot and p tot are the total energy density and pressure respectively of the components of the matter sector. At present, the prime comtribution to the energy sector of the universe is coming from dark energy and pressureless dark matter. Thus ρ tot can be written as,
2)) can be seperated into two parts,
This Q is the interaction term through which these two equations (equation (3.3) and (3.4)) are coupled and the w DE is the dark energy equation of state parameter defined as w DE = p DE /ρ DE . For Q = 0, these two equations (equation (3.3) and (3.4)) become decoupled allowing the independent conservation of dark energy and dark matter. The holographic dark energy with Hubble horizon as the IR cut-off requires an interaction in the dark sector of the energy components to generate the successful transition from a decelerated to accelerated phase of expansion [7, 10] . In the present work, the interaction term Q has been reconstructed with three different parametrization. The general form of Q is assumed to be Q = 3Hα(z)ρ DE , where the coupling term α is a function of redshift z. Now, let us define another quantity, which is called the coincidence parameter (r), as r = ρ m /ρ DE . In case of holographic dark energy with Hubble horizon as the IR cut-off in a spatially flat universe, the coincidence parameter r is a constant [22] . In case of a constant α, it can be shown from equation (3.4) that Hubble paremeter H ∝ (1 + z)
Hence the model can not allow the transition from decelerated to accelerated phase of expansion. A time varying coupling parameter α(z) is required for the successful transition from decelerated to accelerated phase of expansion. Here, three different ansatzs have been chosen for α(z) to reconstruct the interaction term Q, given as 
Model III. α(z)
The expressions of Hubble parameter obtained for these models, are 
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where H 0 is the present value of the Hubble parameter.
It is important to mention in this context that the dark energy and dark matter terms can not be separately identified in the equations for the Hubble parameter (equation (3.8) to (3.10)) for these models. As r is constant for these models, we can redefine the parameters as β 1 = α 1 /r and β 2 = α 2 /r, and the new parameters, β 1 and β 2 , are now to be estimated from the observational data. In the following section, the methodology and the results of the statistical analysis has been discussed.
Result of statistical analysis
In the present analysis, three different data sets, namely the supernova distance modulus data (SNe), observational measurements of Hubble parameter (OHD) and baryon acoustic oscillation (BAO) data have been utilized.
The distance modulus measurements of type Ia supernova from the Joint Light-curve Analysis (jla) [29] has been used in the present analysis. The measurement of Hubble parameter at different redshift from differential age of galaxies and observation of red-enveloped galaxies are incorporated in the present analysis [30] . Along with that the measurement of Hubble parameter from Lyman-α forest at redshift z = 2.34 by Delubac et al. [31] and measurement of H 0 from Planck (Planck+WP+highL+BAO) [32] are also taken into account. For BAO data, three independent measurement of
, where r s (z d ) is the sound horizon at photon drag epoch (z d ) and D v is the dilation scale at the redshift of BAO measurement, from 6dF Galaxy Survey at z = 0.106 [33] , Baryon Oscillation Spectroscopic Survey (BOSS) at z = 0.32 (BOSS LOWZ) and at z = 0.57 (BOSS CMASS) [34] have been used in the present analysis. The BAO measurements has been scaled by the acoustic scale (l A ) estimated from Planck data [32] . The contribution of the relativistic particles (photon and neutrino) to the total energy density of the universe has also been taken into account while using the estimation of acoustic scale at the redshift of recombination. It is assumed that the energy density of the relativistic particles is independently conserved. The uncertainty of the parameters are estimated by Markov chain Monte Carlo (MCMC) method with the assumption of a uniform prior distribution. In Bayesian inference, the posterior probability distribution is proportional to the likelihood distribution of the parameter in case of a uniform prior. Figure 1 shows the confidence contours on the parameter space and the marginalized likelihood function of Model I obtained in the combined analysis with two different combinations of the data sets, namely OHD+BAO and OHD+SNe+BAO. Similarly the contour plots and likelihood function plots for Model II and Model III are presented in figure 2 and 3. The estimated values of the parameters are presented in table 1. In the statistical analysis, the value of the parameters β 1 and β 2 , which are actually the model parameters scaled by the present value of the coincident parameter r, are estimated. The contour plots on the 2D parameter space ( figure 1, 2 and 3) show that for all these three reconstructed models, the model parameters have negative correlation. The value of r, estimated from the Planck measurement of Ω Λ , is r = 0.445 ± 0.010. The coincident parameter r remains constant in case of a holographic dark energy with Hubble scale cut-off in a spatially flat FLRW universe [22] . Thus it can potentially resolve the coincidence problem of standard model of cosmology.
The rate of interaction between dark energy and dark matter is defined as Γ = Q/ρ H [22, 23] and thus it can be expressed as,
The rate of energy transfer from one component to another and also the direction of energy flow depend on this term. Figure 4 shows the plot of the interaction rate Γ, scaled by 3H 0 , for the reconstructed models. The plots shows the interaction rate and consequently the interaction term Q remains positive. That means the energy get transfered from dark energy to dark matter. It is consistent with the thermodynamic requirement discussed by Pavon and Wang [35] . Plots of Γ(z) shows that it evolves in a very different way for Model I than that of Model II and Model III. The dark energy equation of state parameter w DE is related to the total or effective equation of state parameter w e f f = p total /ρ total as,
The w DE (z) evolves in the similar way to that of w e f f (z) as r is a constant for these models. Figure  5 shows the evolution of the dark energy equation of state parameter for these models. The w DE (z) tends to zero at high redshift and thus the dark energy component become indistinguishable from dark matter at high redshift. In holographic dark energy with Hubble radius as the cut-off, the alleged accelerated expansion is caused by the decrease in w DE with time. The deceleration parameter q(z) plots (upper panels figure 6 ) shows that it increases with redshift and there is a transition in the signature of q(z). For Model II and Model III, the transition redshift z t < 1 which is consistent with direct observational result [36, 37] , but Model I shows the transition at higher redshift. Thus Model I is not consistent with the observed evolution of q(z) and it can be ruled out. As the deceleration parameter, which is the second order time derivative of the scale factor, is now an observable quantity and the evolution is highly degenerate for viable dark energy models, it is important to investigate the next order derivative of the scale factor to distinguish the models. The third order time derivative of scale factor, represented in a dimensionless way, is called the jerk parameter, defined as,
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It remains constant for ΛCDM model and the value is unity. But for the models, for which the ΛCDM can be recovered as a limiting case, the value of jerk parameter hovers around the the corresponding ΛCDM value [38] . The models, reconstructed in the present work, show a highly different evolution of the jerk parameter (lower panels of figure 6 ).
Bayesian analysis for model selection
In a Bayesian analysis, statistical preference of a model is judged by calculation the Bayesian evidence. It is defined as,
where θ i 's are the model parameters. In the present case, all the three models have two parameters, namely β 1 and β 2 . A uniform prior has been assumed for the model parameters. The posterior probability distribution of the parameter is proportional to the likelihood function if the prior probability is uniformly distributed over the parameter range. The evidence value, calculated for the reconstructed models, are where P 1 , P 2 and P 3 are the prior probability distribution for the respective models. The evidence values show that the Model III is quite overwhelmingly preferred over Model I and Model II.
Conclusion
In the present work, holographic dark energy model has been reconstructed for three different choices of the interaction term. The Hubble radius has been chosen as the IR cut-off for these models. It has already been discussed that if the interaction term is assumed to be proportional to Hρ H , then the coupling parameter (α) needs to vary with time for a successful transition form decelerated to accelerated phase of expansion. Results shows that α ≈ (1 + z) type of models (Model I) are not consistent with the observed evolution scenario. On the other hand, α ≈ 1 (1+z) model (Model III) is highly consistent with observed nature of the deceleration parameter (upper panel 6). Calculation of Bayesian evidence also shows a strong preference for Model III over Model I and Model II. Thus, it can be concluded that in interacting holographic dark energy model, the interaction is only significant at low redshift regime.
The dark energy equation of state parameter (w DE ) is close to zero at high redshift for these models ( figure 5 ). Thus the dark energy component is indistinguishable from dark matter component at high redshift. It eventually decreases to values lesser enough to generate the accelerated expansion. The present value of w DE remains in non-phantom regime (w DE > −1) for Model I. But for Model II and Model III, it is in the phantom regime (w DE < −1).
